Teachers' understanding of the process of speech perception could inform practice in listening classrooms. Catford (1950) developed a model for speech perception taking into account the influence of the acoustic features of the linguistic forms used by the speaker, whereby the listener 'identifies' and 'interprets' these linguistic forms based on the association between them and the context of speech. This paper critically reviews Catford's model and proposes an alternative one distinguishing between two levels of perceiving speech: word recognition and utterance comprehension. Smith and Nelson (1985) refer to these as 'intelligibility' and 'comprehensibility', respectively. The proposed model could inform classroom practice as well as curriculum and material design.
Introduction
Teaching resources on practising listening for second language learners subscribe primarily to Howatt's and Dakin's (1974) definition of listening ability, in which the successful completion of the listening process relies on the listener's ability to identity and understand what is being said. Catford (1950) provides a model for speech perception which focuses not only on how utterances are pronounced and heard but also on how the listener may cognitively receive and interpret speech.
The critical review of Catford's model in this work is based on a discussion of two main groups of concepts. The first is the two contrasting processes for perceiving speech: bottom-up and top-down (Brown, 1990) . The first process assumes that speech is perceived in a series of phases starting from the phonemes (e.g., /b/, /ɒ/, /g/) as the smallest unit of speech, then moving gradually to larger units which can cover an utterance and the message it carries (Anderson & Lynch, 1988) . The second process is the bottom-up process, which contrasts with top-down processing in the sense that the listener interprets a message through investigating its context and employing his/her background knowledge to grasp the possible meanings of an utterance (Pinker, 1994) .
These two processes focus on how the receiver (or listener) might perceive and process speech, thus marginalizing the role of the speaker in a setting. This leads to introducing the second group of concepts, which have long been associated with the speaker (rather than the listener): these are 'intelligibility' and 'comprehensibility'. Linguists have provided several definitions for the concept of 'intelligibility', which is more commonly seen in the literature than 'comprehensibility'. This work gives equal weight to both of these two terms, and subscribes to the distinction between them given by Smith and Nelson (1985) in which 'intelligibility' refers to recognition of individual utterances, while 'comprehensibility' refers to understanding the meaning of the utterance. The concept of 'intelligibility' has been widely appealed to as an important criterion for any pronunciation model. Recently, this has even been the case more often than ever before, with the emergence of literature on English as a lingua franca and the argument that 'intelligibility' (more often than 'comprehensibility') is the main concern in cross-cultural communication. Although the term 'intelligibility' has been present in much of the literature that discusses pronunciation models, and despite the informative relationship between speaking and listening skills, the influence of 'intelligibility' on listening (not only speaking) remains passive.
an overview of their practicality in second language classrooms. Catford's model will then be revised and an alternative one will be proposed based on integration with the other two groups of concepts.
Catford's Model of Speech Perception
Speech perception is not only closely linked to the speaker's pronunciation of utterances but also to the listener's cognitive psychology (Clark & Yallop, 1995) . Catford (1950) discusses two types of context that might, possibly, increase or decrease speech understanding thresholds: linguistic and situational. While the former is limited to the given words or other linguistic forms, the latter broadly includes everything else in the situation relevant to the speech-act, including the hearer's and speaker's linguistic and cultural backgrounds and experience.
For Catford (1950) , the speaker must select the linguistic forms which are deemed appropriate to the situation. This involves selecting appropriate words and deciding the possible structure and sounds. Next, the speaker should execute the linguistic forms he/she has selected in an appropriate manner that will approximate to the norm obtained in the speech-community within which the speaker is operating. At this stage, execution may fail if sounds are mispronounced. Execution is followed by transmission of sounds through a physical medium. Some loss of speech recognition and understanding may occur due to defective transmission.
The hearer must correctly identify the linguistic forms he/she hears. This involves the hearer's ability to discriminate between the heard sounds and to associate them correctly with his/her private 'mental images' of these sounds. For example, failure during identification might occur if a hearer cannot distinguish between /o/ and /Λ/, so that collar might be misheard as colour (Catford, 1950) .
Finally, the hearer is expected to associate the heard linguistic forms with the elements in the setting. In doing this, the hearer is then expected to respond to the utterance in accordance with the shared set of norms among the people in the speech-community within which he/she is operating. Failure to do this may result in failure in interpretation. 
Top-Down and Bottom-Up Processing
In listening and speaking in second language classes the discussion of top-down/bottom-up processing is relevant in two senses. Firstly, as it relates to the differences between the approach used by native speakers (NSs) and non-native speakers (NNSs) in perceiving speech (as well as the differences among NNSs according to their level of command in English), and secondly the classroom practices that are connected with them.
Literature suggests that NSs and NNSs perceive speech differently. Both Brown (1990) and Jenkins (2000) report that NSs are more able to use a top-down process even with limited phonological input due to their background knowledge of the language. In everyday situations, even if NSs do not hear all the details at the phonemic level of the utterance, they still have the potential to guess what could have been said. In contrast to NSs, NNSs and second language learners are more likely to rely on 'bottom-up' processing (Brown, 1990; Jenkins, 2000) , especially in the early stages of learning the target language. Learners at this stage depend on given cues (or phonemes) in the language provided by the speaker, rather than employing background knowledge about the language. Listeners who are able to use the phonological code competently have a good chance of recognizing most of the words intended by the speaker (Brown, 1990) .
While both Brown (1990) and Jenkins (2000) emphasize that it is bottom-up processing that is connected with the phonological code, and with identifying which phoneme is being used, what seems to be negotiable in employing the above processes is the effect of the proficiency level of second language learners in employing top-down processing. While Brown (1990) mentions that NNSs of English with high proficiency might exploit the context and use top-down processes, Jenkins (2000) seems to believe that NNSs, even at relatively high levels of competence, still predominantly process speech using bottom-up strategies. Jenkins (2000) attributes this to the complexity of the top-down process, which requires the employment of both linguistic and extra linguistic levels, causing the top-down process to be rarely applied at the same level of efficiency as that employed in NSs. In listening classes, it might be expected that learners will process utterances by relying on their recognition of their phonological code but they are also encouraged to infer what the components of individual utterances are from their understanding of the context. Teachers also need to distinguish between what is expected of students and how they might actually process the heard speech in listening activities. Figure 2 was developed to explain the differences as well as the relationship between top-down and bottom-up processing. Kenworthy (1987, p. 13 ) identifies 'intelligibility' as "being understood by a listener at a given time in a given situation". It is viewed as being the same as 'understandability'. For Kenworthy (1987) , intelligibility correlates positively with successful identification of the words in speech, even though intelligibility can still be successful when words are not fully identified. Both Munro and Derwing (1995) and Derwing and Munro (1997) identify 'intelligibility' as the extent to which a speaker's utterance is understood. They emphasize the importance of distinguishing this notion from 'comprehensibility', which refers to the listener's estimation of the difficulty or ease with which he/she understands an utterance. Similarly to Munro and Derwing, Smith and Nelson (1985) distinguish between these two concepts but in association with different entities: 'intelligibility' refers to the ability of the listener to recognize individual words or utterances, while 'comprehensibility' refers to the listener's ability to understand the meaning of the word or utterance in its given context.
Intelligibility and Comprehensibility of Speech
In this way, the range of work by Munro and Derwing, and Smith and Nelson elucidates the importance of the distinction between intelligibility and comprehensibility because, to them, being able to do well with one component does not ensure doing well with others (Munro & Derwing, 1995) . Nelson (2008, p. 302) says that "comprehensibility can fail even when the degree of intelligibility between participants is high". The idea of discrepancies between recognising words and understanding the message is also supported empirically by Zielinski (2004) , who found that listeners who could identify words accurately also puzzled over the whole message (cited in Yang, 2009). Matsuura et al. (2009) found that, although Japanese listeners could easily understand utterances in the varieties of English in their study, they could not transcribe the words correctly.
This relationship between intelligibility and comprehensibility sounds more reciprocal in the definition by Smith and Nelson than in that by Munro and Derwing. The latter suggest only a 'one-way' relationship, where the speech might be intelligible despite poor understanding (which is equivalent to understanding the speech with difficulty) but there is no route back in this relationship. In contrast, the definition of Smith and Nelson better explains the phenomenon of the message of speech possibly being understood despite drawbacks in identifying many of its individual words. The following quotation, in which Smith is speaking as an invited respondent to a paper given by Nelson in the early 1980s, sheds some light on this idea:
"We may find an argument intelligible but not comprehensible because of the way it was structured. It is not uncommon to hear people complain, 'What was he trying to say?' I don't think that refers to intelligibility of the speaker to the hearer but to the comprehensibility of the speaker's presentation." (Nelson, 2008, p. 301) The definition of these terms by Smith and Nelson (1985) places these concepts at two different levels: intelligibility is limited to recognition of the individual words by which the speaker conveys his/her message, while comprehensibility is the ability to understand the message being delivered. At this level, comprehensibility acts beyond the boundaries of individual words by drawing in neighbouring words in the same utterance. In other words, the comprehensibility of the overall message can be enhanced through using the linguistic context to recognize words that might have been missed by the listener.
In listening and speaking classes the definitions of intelligibility and comprehensibility by Smith and Nelson (1985) may be more functional for three reasons. The first reason is the ability of their definitions to reflect the reciprocal relationship between recognising words and understanding the utterance (as mentioned above). This could explain how a learner might grasp the meaning of an utterance despite missing segmental features employing non-linguistic aspects (e.g., context, tone of speaker, and learners' expectations and knowledge). Secondly, the distinction between two levels of understanding (within and beyond word boundaries) facilitates error analysis in classroom teaching and makes instructions more directive and targeted. For example, the teacher could focus on individual phonological features when the goal is improving intelligibility, whereas when the goal is comprehensibility, more communicative activities and instructions for improving accommodation skills could be targeted. Nevertheless, some teachers might still prefer to integrate work at these two levels. Thirdly, Smith and Nelson's definitions of intelligibility and comprehensibility are commensurate with top-down and bottom-up processing. That is, in intelligibility, the learner is expected to recognize individual words relying on the words' phonological codes and employing bottom-up processing. If the required phonological input is insufficient for word recognition (so intelligibility is not achieved), the listener starts to investigate neighbouring words and linguistic context by implementing top-down processing and using their overall understanding of the utterance to predict what the missed word could have been.
Based on the above discussion considering the literature on top-down/bottom-up processing and the definitions of intelligibility and comprehensibility by Smith and Nelson (1985) , Figure 3 was developed to visualize the relationship between these two contrasting processes and the intelligibility and comprehensibility of speech. In www.ccsenet.org/elt English Language Teaching Vol. 9, No. 2; 2016 this figure, the dotted arrows indicate the non-reciprocal relationship between intelligibility and comprehensibility. Figure 3 . Proposed relationship between intelligibility/comprehensibility and approaches to listening
Integration between Catford's Model and Top-Down and Bottom-Up Processing
Catford's model has been successful in providing a comprehensive overview of how speech is perceived by balancing acoustic and non-acoustic features. It also draws a clear distinction between two levels of understanding speech: recognition of words and comprehension of an utterance within its context. Although Catford's model only uses the term intelligibility to describe the successful completion of the identification and interpretation process (see Figure 1) , it still distinguishes between recognition of acoustic features (or identification) and processing these acoustic features in relation to factors eventually leading to comprehension of the message within a specific context. Within these features there are two aspects that should be rethought in this model. In its current form, this model does not reflect the non-reciprocal relationship between intelligibility and comprehensibility, in which it is possible that words in speech might be individually recognizable but the listener might still hesitate over the utterance's meaning. In other words, it does not indicate that identification of words is not necessarily a prerequisite of understanding speech. Additionally, it does not introduce intelligibility and comprehensibility as two different notions but considers intelligibility the terminal point which describes the extent to which speech has been communicatively successful, and identification of speech has to precede successful interpretation. In this sense, Catford's model can incorporate the two types of listening processing, top-down and bottom-up processing, with the latter being given favourable consideration due to its importance in teaching listening to NNSs. Based on this logic, Catford's model is revised and presented below in Figure 4 . In the revised version of this model the speaker selects the linguistic features and then executes them in a manner that is expected to approximate to what is considered appropriate in a specific context. After transmission of speech, the hearer receives the utterance and processes it in one of two ways. The first involves recognition of individual words, and with this the listener starts employing bottom-up processing by looking at segmental features and then moving up gradually to process these features in order to understand the meaning of the larger message. The second possibility is comprehension of an utterance in a way that may not necessarily mean that individual segments were recognized (or intelligible). Through comprehensibility the listener can enhance recognition of an individual utterance by employing top-down processing, which facilitates anticipation of what has been missed in utterances. During classroom teaching, the focus can be on the phonological code and the pronunciation of individual utterances when the target is 'intelligibility' and employing bottom-up processing, whereas the focus can be on context and on employing top-down processing when the purpose is comprehensibility of speech.
Conclusion
The purpose of this work was to rethink Catford's model and propose an enhanced model while providing a theoretical basis for speaking and listening classes, taking into consideration two main areas in the literature about speech perception. The two ways of processing speech, bottom-up and top-down processing, were considered. These are bordered by two entities which also incorporate two levels of understanding: intelligibility and comprehensibility. Bottom-up processing is associated with intelligibility, and this refers to the listener's attempts to recognize individual utterances or words by relying on the phonological code of the utterance This contrasts with top-down processing, which is associated with comprehensibility, in which the listener may not recognize individual utterances but might still grasp the meaning of the utterance by relying on context and background knowledge rather than the phonemes of individual words. The revised version of Catford's model provides an explanation for the functional role of the top-down and bottom-up processes in perceiving the intelligibility and comprehensibility of speech in speaking and listening classes. The model also has implications for the design of activities to help students practise these two modes of processing.
